
TABLE OF CONTENTS

JULY 1997

CALTRANS • FOUNDATION MANUAL i

Chapter 1 Foundation Investigations ..................................................................... 1-1
Introduction ..........................................................................................................................1-1
Who Performs Foundation Investigations ............................................................................1-2
Office of Structural Foundations Geotechnical Support ......................................................1-2
Foundation Investigation Overview ......................................................................................1-3
Subsurface Drilling Operation ..............................................................................................1-4
Log of Test Borings ................................................................................................................1-6
Foundation Report  . .............................................................................................................1-6
Applicability of the Log of Test Borings and Foundation Report to the Contract .................1-8
Basic Soil Properties ..............................................................................................................1-8
Geotechnical Drilling and Sampling Equipment ..............................................................  1-10

Chapter 2 Type Selection ....................................................................................... 2-1

Chapter 3 Contract Administration ........................................................................ 3-1

Chapter 4 Footing Foundations ............................................................................. 4-1
General ..................................................................................................................................4-1
Types ......................................................................................................................................4-1
Bearing Capacity ...................................................................................................................4-5

Failure Modes ...................................................................................................................4-5
Factors Affecting Bearing Capacity ..................................................................................4-8

Settlement ............................................................................................................................4-11
Construction and Inspection ...............................................................................................4-12
Excavations .........................................................................................................................4-14

Wet Excavations .............................................................................................................4-18
Bottom of Excavation Stability ......................................................................................4-21
Foundation Inspection ..................................................................................................4-21
Foundation Problems and Solutions ............................................................................4-23
Suitable Foundation Material .......................................................................................4-24
Disturbed and/or Contaminated Material ....................................................................  4-24
Unsuitable Foundation Material ...................................................................................4-25

Safety ...................................................................................................................................4-26



JULY 1997 Table of Contents

ii CALTRANS • FOUNDATION MANUAL

Chapter 5 Pile Foundations – General ................................................................... 5-1
Specifications .........................................................................................................................5-1
Non-Driven Piles ...................................................................................................................5-2
Driven Piles ............................................................................................................................5-2
Alternative Piles .....................................................................................................................5-4

Chapter 6 Cast-in-Drilled-Hole Piles ..................................................................... 6-1
Description .............................................................................................................................6-1
Specifications .........................................................................................................................6-2
Drilling Equipment ...............................................................................................................6-2
Drilling Methods ....................................................................................................................6-7
Drilling Problems ..................................................................................................................6-8
Inspection ..............................................................................................................................6-9
Pile Defects ...........................................................................................................................6-11
Safety ...................................................................................................................................6-18

Chapter 7 Driven Piles .......................................................................................... 7-1
History ....................................................................................................................................7-1
General Specifications ...........................................................................................................7-3
Pile Driving Definitions .........................................................................................................7-4
Hammer Types .....................................................................................................................7-13

The Drop Hammer .........................................................................................................7-13
Single Acting Steam/Air Hammer .................................................................................7-15
Double Acting Steam/Air Hammer ................................................................................7-17
Differential Acting Steam/Air Hammer ........................................................................  7-18
Diesel Pile Hammers ......................................................................................................7-21

Single Acting Diesel Hammer ..................................................................................7-21
Double Acting Diesel Hammer .................................................................................7-25

Vibratory Driver/Extractor .............................................................................................7-27
Hydraulic Hammer ........................................................................................................7-29
General Hammer Information ......................................................................................7-30

Bearing Capacity .................................................................................................................7-31
Dynamic Analysis by Wave Equation ............................................................................7-33

Driveability Study .....................................................................................................7-34
Hammer Acceptance Study .......................................................................................7-34
Acceptance Curve Study ............................................................................................7-34

Manufacturer’s Energy Ratings .....................................................................................7-35



Table of Contents JULY 1997

CALTRANS • FOUNDATION MANUAL iii

Preparing to Drive Piles .......................................................................................................7-37
Verification of Hammer Energy .....................................................................................7-39

Materials Checklist ..............................................................................................................7-40
Pipe Piles ........................................................................................................................7-40
Precast Concrete Piles ....................................................................................................7-40
Steel Piles .......................................................................................................................7-41
Timber Piles ...................................................................................................................7-42
Logging of Piles .............................................................................................................7-42

Driving Problems.................................................................................................................7-43
Hard Driving ..................................................................................................................7-44
Soft Piles and Retap .......................................................................................................7-46
Alignment of Piles ..........................................................................................................7-48
Overdriving ....................................................................................................................7-48

Safety ...................................................................................................................................7-48

Chapter 8 Static Pile Load Testing and Dynamic Pile Monitoring ..........................  8-1
Introduction ..........................................................................................................................8-1
Reasons For Static Load Testing and Dynamic Pile Monitoring ..........................................8-2
Static Pile Load Tests .............................................................................................................8-2
Dynamic Pile Monitoring ......................................................................................................8-4
Contract Administration of Static Pile Load Testing and Dynamic Pile Monitoring ...........8-5
Inspection Requirements During Static Load Testing and Dynamic Pile Monitoring .......  8-7

Chapter 9 Slurry Displacement Piles ..................................................................... 9-1
Introduction ..........................................................................................................................9-1
History ....................................................................................................................................9-1
Slurry Displacement Method .................................................................................................9-2
Principles of Slurry Usage .....................................................................................................9-4
Sampling and Testing Drilling Slurry ...................................................................................9-8

Density ............................................................................................................................9-10
Sand Content .................................................................................................................9-11
pH Value .........................................................................................................................9-12
Viscosity ..........................................................................................................................9-12

Types of Slurry .....................................................................................................................9-13
Water ..............................................................................................................................9-14
Mineral ...........................................................................................................................9-15
Polymer ..........................................................................................................................9-21



JULY 1997 Table of Contents

iv CALTRANS • FOUNDATION MANUAL

Equipment ...........................................................................................................................9-26
Concrete Placement .............................................................................................................9-31
Pile Testing ..........................................................................................................................9-33
Defective Piles ......................................................................................................................9-37
Safety ...................................................................................................................................9-42
Specifications .......................................................................................................................9-43

Minimum Pile Diameter Requirements ........................................................................9-43
Pile Placing Plan Requirements ...................................................................................9-43
Concrete Compressive Strength and Consistency Requirements ..................................9-44
Slurry Testing and Cleaning Requirements ..................................................................9-44
Pile Testing Access Requirements ..................................................................................9-47
Pile Concrete Placement Requirements ........................................................................9-47

Chapter 10 Pier Columns ...................................................................................... 10-1
Description ...........................................................................................................................10-1
Specifications .......................................................................................................................10-1
Construction Methods .........................................................................................................10-2
Excavation ...........................................................................................................................10-2
Problem Areas ......................................................................................................................10-3
Safety ...................................................................................................................................10-4

Chapter 11 Tiebacks, Tiedowns, and Soil Nails ...................................................... 11-1
Tiebacks ...............................................................................................................................11-1

Components ...................................................................................................................11-1
Sequence of Construction ..............................................................................................11-3
Safety ..............................................................................................................................11-4

Tiedowns ..............................................................................................................................11-4
Sequence of Construction ..............................................................................................11-6

Testing of Tiebacks and Tiedowns .......................................................................................11-6
Performance Tests ..........................................................................................................11-7
Proof Tests ......................................................................................................................11-7
General Acceptance Criteria...........................................................................................11-7
General Construction Control .......................................................................................11-8

Soil Nails ..............................................................................................................................11-8
Construction Sequence ................................................................................................11-10
Engineer’s Responsibility .............................................................................................11-10
Contractor’s Responsibility ..........................................................................................11-11
Test Nails ......................................................................................................................11-11



Table of Contents JULY 1997

CALTRANS • FOUNDATION MANUAL v

Testing ..........................................................................................................................11-13
Safety ............................................................................................................................11-13

Chapter 12 Cofferdams and Seal Courses .............................................................. 12-1
General ................................................................................................................................12-1
Contractor’s Responsibility ..................................................................................................12-1
Engineer’s Responsibility ....................................................................................................12-2
Sheet Piles and Bracing .......................................................................................................12-2
Excavation ...........................................................................................................................12-6
Seal Course ..........................................................................................................................12-6
Tremie Concrete ...................................................................................................................12-7
Seal Course Inspections .......................................................................................................12-8
Thickness of Seal Course .....................................................................................................12-8
Dewatering ...........................................................................................................................12-8
Safety ...................................................................................................................................12-9

References ............................................................................................ R-1

Appendix A – Foundation Investigations ....................................................................... A-1
Appendix B – Contract Administration .......................................................................... B-1
Appendix C – Footing Foundation ................................................................................. C-1
Appendix D – Alternative Pile Types ..............................................................................D-1
Appendix E – Driven Piles ............................................................................................. E-1
Appendix F – Static Pile Load Testing and Dynamic Monitoring .................................... F-1
Appendix G – Slurry Displacement Piles ....................................................................... G-1
Appendix H – Tiebacks, Tiedowns, and Soil Nails..........................................................H-1
Appendix I – Cofferdams and Seal Courses .................................................................... I-1



JULY 1997 Table of Contents

vi CALTRANS • FOUNDATION MANUAL

List of Figures

Figure 4-1 Footing Retrofit (add top mat of rebar) ................................................................................4-2
Figure 4-2 Footing Retrofit (increase footing size and add top mat of rebar) ......................................4-3
Figure 4-3 Loaded Footing with Moment ...............................................................................................4-4
Figure 4-4 General Shear Failure Concept .............................................................................................4-6
Figure 4-5 Punching Shear Failure ............................................................................................... .........4-6
Figure 4-6 Local Shear Failure ...............................................................................................................4-7
Figure 4-7 Failure Modes ........................................................................................................................4-7
Figure 4-8 Surcharge Load on Soil ............................................................................................... ..........4-9
Figure 4-9 Bearing Capacity Factors for Granular Soils ......................................................................4-10
Figure 4-10 Bearing Capacity Factors for Cohesive Soils .......................................................................4-11
Figure 4-11 Slope Setback .......................................................................................................................4-15
Figure 4-12 Surcharge Loads for Shored Excavations ...........................................................................4-17
Figure 4-13 Setback Calculations for Shored Excavations .....................................................................4-18
Figure 4-14 Single Stage Well Point System ...........................................................................................4-19
Figure 4-15 Saturated vs. Submerged Unit Weight ................................................................................4-20
Figure 4-16 Bottom of Excavation Stability Problems due to Excess Hydrostatic Head

     Against an Impervious Layer .........................................................................................4-21
Figure 6-1 Auger – Short Section ...........................................................................................................6-2
Figure 6-2 Auger – Single Flight ............................................................................................................6-3
Figure 6-3 Auger – Double Flight ...........................................................................................................6-3
Figure 6-4 Drilling Bucket ......................................................................................................................6-4
Figure 6-5 Drilling Bucket/Cleanout Bucket Comparison .....................................................................6-5
Figure 6-6 Core Barrel .............................................................................................................................6-5
Figure 6-7 Drill Rig – Crawler Mounted .......................................................................................... ......6-6
Figure 6-8 Drill Rig – Truck Mounted ............................................................................................ ........6-6
Figure 6-9 Drill Rig – Crane Mounted ............................................................................................ .......6-6
Figure 6-10 Steel Casing ...........................................................................................................................6-7
Figure 6-11 Pile Defects – No Cleanout, Tapered Bottom of Hole .........................................................6-12
Figure 6-12 Pile Defects – Smeared Drill Cuttings .................................................................................6-12
Figure 6-13 Pile Defects – Cave In .............................................................................................. ............6-14
Figure 6-14 Pile Defects – Concrete Segregation ...................................................................................6-14
Figure 6-15 Pile Defects – Adjacent Hole Blowout .................................................................................6-15
Figure 6-16 Pile Defects – Water in the Hole ..........................................................................................6-15
Figure 6-17 Pile Defects – Casing Problems ..........................................................................................6-17
Figure 7-1 Early Pile Hammer ................................................................................................................7-2



Table of Contents JULY 1997

CALTRANS • FOUNDATION MANUAL vii

Figure 7-2 Typical Pile Rig Configuration .............................................................................................7-6
Figure 7-3 Drive Cap System ...................................................................................................................7-7
Figure 7-4 Fixed Lead System .................................................................................................................7-8
Figure 7-5 Swinging Lead System ...........................................................................................................7-9
Figure 7-6 Semi-Fixed Lead System............................................................................................... .......7-10
Figure 7-7 Lead Configurations for Battered Piles ............................................................................... 7-11
Figure 7-8 Lead Types ............................................................................................................................7-12
Figure 7-9 Drop Hammer ......................................................................................................................7-14
Figure 7-10 Single Acting Steam/Air Hammer .......................................................................................7-16
Figure 7-11 Double Acting Steam/Air Hammer .....................................................................................7-18
Figure 7-12 Differential Acting Steam/Air Hammer ...............................................................................7-20
Figure 7-13 Single Acting Diesel Hammer .............................................................................................7-23
Figure 7-14 Operational Cycle for Single Acting Diesel Hammer ..........................................................7-24
Figure 7-15 Double Acting Diesel Hammer ............................................................................................7-26
Figure 7-16 Vibratory Driver/Extractor ...................................................................................................7-28
Figure 9-1 Slurry Displacement Method .................................................................................................9-3
Figure 9-2 Positive Effective Stress ............................................................................................ ..............9-5
Figure 9-3(a) Filtration – Loose Ground Formation ..................................................................................9-7
Figure 9-3(b) Filtration – Tight Ground Formation ...................................................................................9-7
Figure 9-4 Slurry Sampler Schematic ............................................................................................. .......9-9
Figure 9-5 Density Test Kit ....................................................................................................................9-10
Figure 9-6 Sand Content Test Kit ..........................................................................................................9-11
Figure 9-7 Marsh Funnel Viscosity Test Kit ...........................................................................................9-13
Figure 9-8 Bentonite Slurry ...................................................................................................................9-16
Figure 9-9 Mineral Slurry Plant ............................................................................................................9-18
Figure 9-10 Desanding Centrifuges ............................................................................................... .........9-19
Figure 9-11 Recirculation and Cleaning Schematic . . ..........................................................................9-19
Figure 9-12 SuperMud Container ..........................................................................................................9-22
Figure 9-13 SlurryPro CDP Container ...................................................................................................9-23
Figure 9-14 Hole Collapse Induced by Pressure Changes ......................................................................9-27
Figure 9-15 Cleanout Bucket ..................................................................................................................9-28
Figure 9-16 Airlift Schematic ..................................................................................................................9-29
Figure 9-17 Use of Casing .......................................................................................................................9-30
Figure 9-18 Concrete Pile Log Graph ............................................................................................. ........9-33
Figure 9-19 Inspection Tubes ..................................................................................................................9-34
Figure 9-20 Location of Inspection Tubes within the Pile ......................................................................9-35
Figure 9-21 Gamma Ray Scattering Test Schematic ..............................................................................9-36
Figure 9-22 Defects from Settled Materials .............................................................................................9-39



JULY 1997 Table of Contents

viii CALTRANS • FOUNDATION MANUAL

Figure 9-23 Defects from Improperly Mixed Mineral Slurry. .................................................................9-40
Figure 9-24 Defect from Excess Filter Cake Buildup .............................................................................. 9-40
Figure 9-25 Defect from Concrete Placement Problems ........................................................................9-41
Figure 11-1 Tieback Detail ......................................................................................................................11-2
Figure 11-2 Tiedown Anchor ...................................................................................................................11-5
Figure 11-3 Soil Nail Schematic .............................................................................................................11-9
Figure 11-4 Soil Nail Detail ....................................................................................................................11-9
Figure 11-5 Test Nail Detail ..................................................................................................................11-12
Figure 12-1 Single Sheet Piling ..............................................................................................................12-2
Figure 12-2 Lapped and Wakefield Sheet Piling .....................................................................................12-3
Figure 12-3 Tongue and Groove Wood Sheet Piling ..............................................................................12-3
Figure 12-4 Concrete Sheet Piling ............................................................................................... ...........12-3
Figure 12-5 Concrete Sheet Piling with Steel Interlocks ........................................................................12-4
Figure 12-6 Straight Section Steel Sheet Piling ......................................................................................12-4
Figure 12-7 Arch-Web Steel Sheet Piling ......................................................................................... .......12-4
Figure 12-8 Deep-Arch Steel Sheet Piling ...............................................................................................12-5
Figure 12-9 Z-Section Steel Sheet Piling ................................................................................................12-5


